###### Strengths and limitations of this study

-   This is the first validation study of any outcome scale to be used in Poland in patients undergoing total knee replacement (TKR).

-   We report that the Polish version of the Knee injury and Osteoarthritis Outcome Score (KOOS) demonstrated good reliability, validity and responsiveness for use in patient groups that had undergone TKR.

-   The participants in the present study do not represent the entire spectrum of patients with knee osteoarthritis (OA) but only those with end-stage disease eligible for TKR. However, since the construct validity is expected to be higher in younger and more active individuals, one can presume that the KOOS scale would be at least equally useful for patients with less severe forms of OA.

Introduction {#s1}
============

Total knee replacement (TKR) is one of the most common and successful procedures in orthopaedic surgery. It provides substantial relief from pain and functional improvement in patients with end-stage knee osteoarthritis (OA).[@R1] Although most patients undergoing TKR improve their quality of life, there is still an important minority of patients who do not improve, or those who even get worse.[@R2]

Since neither clinical examination nor radiographic imaging correlate with patients' symptoms, it is important to assess clinical outcome from the patient\'s perspective. Cross-culturally adapted and clinically validated patient-reported outcomes (PROs) provide such an approach and describe the function, activity and quality of life, avoiding the observer-related bias.[@R3]

The Knee injury and Osteoarthritis Outcome Score (KOOS)[@R4] [@R5] is a commonly used PRO, originally prepared in English and Swedish, and currently available in 39 different languages and language variants.[@R6] KOOS has been found to be a valid, reliable and responsive self-administered instrument in patients with knee injuries undergoing meniscectomy and anterior cruciate ligament reconstruction (ACLR),[@R5] [@R7] as well as in patients with knee OA.[@R8] The KOOS scale has already been translated and cross-culturally adapted to the Polish language and validated in patients undergoing ACLR.[@R13] However, there is also a need to monitor the outcome of intervention in elderly patients with OA undergoing TKR. The aim of this study was therefore to test the clinimetric properties and to evaluate the internal consistency, validity and reliability of the Polish version of KOOS in patients with end-stage knee OA who had undergone TKR.

Methods {#s2}
=======

Linguistic and cross-cultural validation process {#s2a}
------------------------------------------------

The cross-cultural adaptation process of KOOS followed the standard guidelines and was described in detail in the previous study performed in patients undergoing ACLR.[@R13]

The Polish version of KOOS was pretested in patients with end-stage OA eligible for TKR. All patients who later formed the validation study group were asked, prior to the study, whether they fully understood the questions (items), whether they found any items ambiguous and whether they had any problems in answering them (see also the chapter titled 'Content validity').

Clinical validation study {#s2b}
-------------------------

The psychometric properties of the KOOS scale were evaluated according to the Consensus-based Standards for the selection of health Measurements Instruments (COSMIN).[@R14] [@R15] The Polish version of the KOOS questionnaire is available free of charge at <http://www.koos.nu>.[@R6]

### Patients {#s2b1}

All patients recruited in the study had met the appropriateness criteria for TKR.[@R16] One hundred and fifty-seven patients had end-stage knee OA diagnosis confirmed[@R17] and were enrolled for the surgery. Patients were operated on at the Department of Reconstructive Surgery and Arthroscopy of the Knee Joint, at the Medical University in Łódź, between February 2007 and October 2011. The follow-up control was carried out between April 2008 and July 2013. The mean follow-up time was 1.7 years (0.5--3.1). All patients had undergone standard TKR with the Genesis II posterior-stabilised cemented knee prosthesis (Smith and Nephew, Memphis, Tennessee, USA). No patellar replacement was performed. The patients received the same postoperative medical care and were advised to complete individual physical therapy sessions supervised by one therapist.

At the time of follow-up, all participants had returned to their normal activities. Participants were asked to complete the Polish version of KOOS three times: first preoperatively, then during the routine 1--2 years of follow-up, and, finally, for test--retest purposes 1--2 weeks later. Patients filled out the first two KOOS questionnaires in the clinic, while the third was completed at home. Questionnaires were returned by ordinary mail. The 1--2 week test--retest period is considered appropriate and has previously been used for the validation of KOOS.[@R4] [@R5] [@R18] The patients completed the Short Form 36 (SF-36) Health Survey[@R19] (license number H1 031207-30347) questionnaire once during the 1--2 years of postoperative follow-up.

All patients signed and personally dated informed consent forms during the admission into hospital, before participating in the study. All self-reported questionnaires, demographics and relevant information were personally administered by one orthopaedic surgeon.

### Questionnaires {#s2b2}

KOOS is a 42-item self-administered knee-specific questionnaire with five subscales: Pain (9 items), Symptoms (7 items), Activities of Daily Living Function (ADL Function, 17 items), Sports and Recreation Function (5 items) and knee-related Quality of Life (QOL, 4 items). Each item is responded to by marking one of five response options from 0 (best) to 4 (worst) on a Likert scale. Raw scores from 0 (extreme problems) to 100 (no problems at all) are calculated separately for each subscale.

The SF-36 Health Survey is a generic self-administered questionnaire that includes 36 items, combined in eight health domains: Physical Functioning (PF), Role-Physical, Bodily Pain (BP), General Health (GH), Vitality, Social Functioning, Role-Emotional and Mental Health, and one single-item measure of health transition, which is not used to score the scales nor in summary measures. A score from 0 (worst possible health status) to 100 (best possible health status) is independently generated for each domain. The SF-36 has already been validated in Polish.[@R20]

### Missing items {#s2b3}

According to the 2003 Users Guide for the KOOS questionnaire, two missing items were allowed in each subscale. Missing data were then subsequently imputed with the mean of other values within the same subscale.[@R6] SF-36 results were calculated using standard scoring procedures whereby missing values were replaced by scale means where valid responses were available for at least half the scale items.[@R19]

### Floor/ceiling effects {#s2b4}

Floor or ceiling effects were assessed preoperatively and postoperatively. They were considered to be present if more than 15% of the participants achieved either the lowest or the highest possible scores.[@R21] Preoperatively, floor effects can be expected since experiencing symptoms is an indication for surgery. Postoperatively, ceiling effects can be expected if the intervention has been successful and the patient has returned to his or her normal activities and has no symptoms. Comparisons of proportions for men and women with the lowest and the highest possible scores were evaluated with the McNemar\'s test.

Statistical analysis {#s2c}
--------------------

Analyses were performed with the use of SPSS for Windows V.15.0.0 (SPSS, Chicago, Illinois, USA). We considered a two-tailed p value less than 0.05 to be significant.

Reliability {#s2d}
-----------

Reliability is an estimation of the consistency and stability of a measure. It includes analysis of the extent to which a measure is internally consistent and free of measurement error.

### Internal consistency {#s2d1}

Internal consistency is defined as the degree of the inter-relatedness among the items. It was determined by calculating Cronbach\'s α coefficient. Cronbach\'s α was determined at the first 1--2 years of follow-up assessment. Cronbach\'s α value of more than 0.70 was considered satisfactory.[@R22]

### Test--retest reliability {#s2d2}

Test--retest reliability is the extent to which scores for the same patients remain unchanged for repeated measurements over time. Test--retest reliability of the KOOS subscales was assessed 1--2 years after the TKR twice, with 1--2 weeks interval. Test--retest reliability of KOOS was analysed using two-way random effect model of the intraclass correlation coefficient (ICC) for absolute agreement, and presented with 95% CI. An ICC≥0.80 was considered acceptable for groups and an ICC of more than 0.90 for individual patient use.

### Measurement error {#s2d3}

Measurement error is the systematic and random error of a patient\'s score that is not attributed to true changes in the construct to be measured. SEM for absolute agreement of the test--retest reliability estimates how repeated measures of a person on the same instrument tend to be distributed around his or her 'true' score. SEM was calculated according to the following formula: SEM=SD √(1−R), where SD represents SD of the sample and R the reliability parameter (ICC).[@R23] Then, in turn, the minimal detectable change (MDC), which is the threshold for determining clinical changes outside measurement error, was calculated using the formula: MDC=SEM×1.96×√2, where 1.96 derives from the 0.95% CI of no change and √2 represents two measurements evaluating the change.[@R23] [@R24] The MDC can be modified for group comparison, depending on the size of the group (n=68), as follows: MDCgroup=MDCindividual/√n.[@R24] The MDC should preferably be smaller than the minimal important change (MIC). MIC is the smallest change score needed for the effect to be considered clinically relevant.[@R25] An MIC of 8--10 points was considered to be appropriate for the different KOOS subscales.[@R18] However, it must be acknowledged that the MIC is dependent on context factors, including patient group, intervention and time to follow-up. Therefore, it is more appropriate to establish the MIC for specific contexts.

Validity {#s2e}
--------

### Content validity {#s2e1}

Content validity is assessed by making a judgement of relevance and comprehensiveness of the items. All participants recruited for the study group were asked to assess whether the content covered the items, whether the description of the construct was clear and whether explanation of the domains was understandable.

### Structural validity (exploratory principal factor analysis) {#s2e2}

The factor analysis is a method designed to determine if the observed variables (items) could be explained by a smaller number of latent variables (called factors). Owing to the sample size of 68, we performed an exploratory factor analysis. Investigations were conducted on all items of the KOOS scale with the use of principal component analyses with the orthogonal rotation procedure (Varimax). According to the Kaiser\'s criterion,[@R26] factors with an eigenvalue greater than 1 were extracted. The scree plot of the correlation matrix of all items was drawn. Factors that appeared over the point where the curve bends ('elbow') were considered to be meaningful.[@R27] An analysis of the factor structure and loading was made. Factor loading of 0.4 or above was defined as substantial loading and desirable for an item to be significant. The subscale item that had a substantial loading on more than one factor (cross-loading), was considered to be 'complex', meaning that it had an affinity to two or more of the derived factors, and it did not describe the same aspect. The results are given as percentage of variance in the subscale score explained by the principal factor(s).

### Hypotheses testing {#s2e3}

Construct validity is defined as the degree to which the subscales of the KOOS scale measure the characteristics to be measured. We examined the construct validity of the instruments by testing an a priori set of hypotheses about the expected relationships between the KOOS subscales and the SF-36 scale at baseline. The Spearman\'s rank correlation was used to assess the association between domains. Correlation coefficients greater than 0.5 were considered strong, correlations between 0.35 and 0.5 moderate, and less than 0.35 were considered weak.[@R28] We expected the highest correlations when comparing the subscales that measure similar constructs. We hypothesised that: Since KOOS Pain and SF-36 BP measure a sufficiently similar construct, the correlation between these two measures should be strong and in the same direction.The correlation between KOOS ADL Function and SF-36 PF should be moderate or strong and in the same direction.The correlation between KOOS Sports and Recreation Function and SF-36 PF should be at least moderate and in the same direction.

### Responsiveness {#s2e4}

Responsiveness is an ability of a measure to detect meaningful clinical change over time in the construct to be measured. It is critical for the use and application of a measure. We have expected to be able to detect clinical change that occurred following TKR. In order to evaluate responsiveness, a Global Perceived Effect (GPE) score was used. At follow-up, patients were asked to rate knee condition changes, if any, following TKR. They had the following answer options: much better (3), better (2), somewhat better (1), no change (0), somewhat worse (−1), worse (−2) and much worse (−3). As with construct validity, we tested the responsiveness by setting a priori hypotheses.

We have expected that the change in scores in all KOOS subscales between initial examination and follow-up would correlate with the GPE score, and that a correlation would be at least 0.5 for all subscales. We also calculated the effect size (ES) defined as a score change in all KOOS subscales divided by baseline SD.[@R29] In addition to ES, responsiveness was also presented as standardised response mean (SRM). SRM was calculated by dividing the mean score change by the SD of that score change.[@R30]

We also hypothesised that SRM and ES should be higher for patients who reported their condition to be somewhat better, better or much better than in patients reporting much worse, worse, somewhat worse or no change in the GPE score.

To compare KOOS before TKR and at follow-up, the Wilcoxon signed-rank test was used.

Results {#s3}
=======

Linguistic and cross-cultural translation process {#s3a}
-------------------------------------------------

The Polish version of the KOOS questionnaire was well accepted by patients with OA. All questions and response options were considered appropriate and understandable by the patients. Thus, we used the same KOOS questionnaire as was previously validated in younger patients with ACL injury who had undergone ACLR.[@R13]

Clinical validation study {#s3b}
-------------------------

### Sample characteristics {#s3b1}

Sixty-eight of 157 (43%) patients who were enrolled in the study returned fully completed sets of questionnaires and formed the study sample. Of them, 59 were women and 9 were men. All patients who were eligible to take part in the study were native Polish speakers with secondary or higher education. To evaluate a possible inclusion bias, the patients who participated in the study, and those who did not respond, were analysed with regard to age and gender. We found no significant differences in these characteristics (data not shown). The patient characteristics are given in [table 1](#BMJOPEN2014006947TB1){ref-type="table"}.

###### 

Characteristics of patients after primary total knee replacement (TKR)

  Characteristics                                
  ---------------------------------------------- ------------
  N (% women)                                    68 (82)
  Age at surgery, mean (SD) years                68.8 (7.8)
  Time to follow-up after TKR, mean (SD) years   1.7 (0.8)

### Missing items {#s3b2}

For the KOOS scale at baseline, a total of four items of the possible 42 (number of items)×68 (number of patients), or 0.14% were missing. At follow-up, three items (0.1%) were missing. For SF-36, the number of missing items at follow-up was 5 (0.2%) of a possible 36 (items)×68 (number of patients).

### Floor/ceiling effects {#s3b3}

Preoperatively, there were neither ceiling effects, nor any patients with best possible scores in any of the KOOS subscales. The floor effects (indicating worst possible status) were found prior to surgery for the subscales Sports and Recreation Function (56%) and QOL (19%). The worst possible scores were reported by 3% of patients for the subscales Pain and Symptoms, and 4% for the subscale ADL.

At follow-up, there were no ceiling effects in any KOOS subscales. The best possible scores were reported by 13% of patients for the subscale Pain, 3% for the subscales Symptoms, ADL Function and Sports and Recreation Function, and 2% for the subscale QOL.

As expected, at follow-up, floor effects were reported only for the subscale Sports and Recreation Function (16%). There were no worst possible scores found after surgery for the other KOOS subscales. No differences in the number of patients having the worst or best possible scores related to gender were observed.

Reliability {#s3c}
-----------

The median number of days from test to retest was 6 (ranging from 4 to 13).

### Internal consistency {#s3c1}

Cronbach\'s α ranged from 0.90 to 0.92, indicating an excellent internal consistency of all subscales ([table 2](#BMJOPEN2014006947TB2){ref-type="table"}).

###### 

Mean KOOS (0--100, worst to best scale) at test and retest assessment 1--2 weeks apart, test--retest reliability, internal consistency and minimal detectable change of KOOS subscales for individuals and groups 1.7 years after primary TKR

  KOOS subscales (number of items)   Mean KOOS (SD)   ICC (95% CI)   Cronbach\'s α coefficients   SEM    Minimal detectable change (95% CI) in individuals   Minimal detectable change (95% CI) in groups   
  ---------------------------------- ---------------- -------------- ---------------------------- ------ --------------------------------------------------- ---------------------------------------------- ------------------
  TKR, n=68                                                                                                                                                                                                 
  Pain (9)                           78.7 (17.4)      81.1 (15.9)    0.83 (0.74 to 0.89)          0.91   7.2 (5.8 to 8.9)                                    19.9 (16.0 to 24.6)                            2.4 (1.9 to 3.0)
  Symptoms (7)                       76.3 (17.8)      80.2 (16.6)    0.81 (0.71 to 0.88)          0.90   7.8 (6.2 to 9.6)                                    21.6 (17.1 to 26.5)                            2.6 (2.1 to 3.2)
  ADL (17)                           78.1 (16.0)      79.0 (14.7)    0.83 (0.73 to 0.89)          0.91   6.6 (5.3 to 8.3)                                    18.2 (14.6 to 22.9)                            2.2 (1.8 to 2.8)
  Sports/recreation (5)              24.6 (23.5)      29.9 (27.3)    0.86 (0.78 to 0.91)          0.92   8.8 (7.1 to 11.0)                                   24.3 (19.6 to 30.4)                            2.9 (2.4 to 3.7)
  QOL (4)                            53.7 (21.3)      57.3 (19.4)    0.83 (0.74 to 0.89)          0.91   8.8 (7.1 to 10.9)                                   24.3 (19.6 to 30.1)                            2.9 (2.4 to 3.7)

ADL, activities of daily living; ICC, intraclass correlation coefficient; KOOS, Knee injury and Osteoarthritis Outcome Score; QOL, quality of life;; TKR, total knee replacement.

### Test--retest reliability {#s3c2}

The reliability of all KOOS subscales was excellent, with ICCs ranging from 0.81 to 0.86 ([table 2](#BMJOPEN2014006947TB2){ref-type="table"}).

### Minimal detectable change {#s3c3}

At the individual level, the MDC was lowest (18.2) for KOOS ADL Function, and highest (24.3) for the KOOS subscales Sports and Recreation Function, and QOL. At the group level, MDC ranged from 2.4 to 2.9 ([table 2](#BMJOPEN2014006947TB2){ref-type="table"}).

Validity {#s3d}
--------

### Content validity {#s3d1}

All KOOS items were estimated to be relevant. The content covered all items, the description of the domains was assessed to be understandable and the construct appeared to be clearly described. Thus, the items were assessed to be comprehensive.

### Structural validity (exploratory principal factor analysis) {#s3d2}

The Kaiser--Meyer-Olkin measure of sampling adequacy was middling (0.79), but close to good (≥0.8), which suggested the sample was adequate for an exploratory factor analysis. The scree plot confirmed the retention of the first five factors. Thus, five factors were sufficient to describe the data. This solution accounted for 63.3% of the total variance for the Polish version of the KOOS questionnaire (with eigenvalues of 16.6, 3.5, 2.4, 2.3 and 1.9 for respective factors).

Items S1 and S3--S5 from the subscale Symptoms loaded substantially on the third factor (ranging 0.45--0.78). The S2 item had a substantial loading of the fifth factor. In the case of items S6 and S7, a cross-loading of both the third (0.56 and 0.54, respectively) and the fifth factors (0.52 in both items) was observed.

Seven out of 17 items from the subscale ADL Function had a substantial loading on only the first factor (ranging between 0.42 and 0.76). Items A1 and A2 had a substantial loading on only the second factor (ranging between 0.69 and 0.77, respectively), and item A8 on only the third factor (0.44). In all other items, the cross-loading of different combinations of factors was observed. Items A6 and A7 loaded on both the first and the second factors, whereas a cross-loading of the first and the third factors was observed in items A3 and A9--A11. Item A5 cross-loaded on the second and the third factors. Item A3 (rising from sitting) loaded on three factors: the first, the third and the fifth (0.40, 0.42 and 0.43, respectively).

All items from the subscale Sports and Recreation Function loaded highly on the fourth factor (ranged from 0.63 to 0.84). In the SP5 item, a cross-loading of the fifth and the fourth factors (0.63 and 0.41, respectively) was observed.

In the subscale Quality of Life, items QOL1 and QOL4 loaded on the fifth factor (0.65 and 0.62, respectively), item QOL2 on the third (0.42) and QOL3 loaded on the second factor (0.68) (data not shown).

### Hypotheses testing {#s3d3}

All a priori-established hypotheses were supported. We confirmed a strong correlation between KOOS Pain and SF-36 BP (rs=0.57), KOOS ADL Function and SF-36 PF (rs=0.53) (hypothesis 1 and 2, respectively), and a moderate correlation between KOOS Sports and Recreation Function and SF-36 PF (rs=0.42) (hypothesis 3; [table 3](#BMJOPEN2014006947TB3){ref-type="table"}).

###### 

Construct validity, given as Spearman\'s correlations of the five KOOS subscales and the eight SF-36 subscales in patients following primary TKR (n=68)

                    KOOS subscales                                
  ----------------- ---------------- ------ ---------- ---------- ------
  SF-36 subscales                                                 
   PF               0.34             0.32   **0.53**   **0.42**   0.43
   RP               0.36             0.29   0.45       0.31       0.30
   BP               **0.57**         0.41   0.46       0.28       0.50
   GH               0.21             0.16   0.44       0.23       0.25
   VT               0.26             0.23   0.44       0.06       0.26
   SF               0.45             0.33   0.52       0.21       0.32
   RE               0.36             0.29   0.42       0.24       0.30
   MH               0.24             0.29   0.41       0.19       0.29

As hypothesised, expected correlations were above 0.35 for a priori hypotheses 1--3 (as shown in bold typeface).

ADL, activities of daily living; BP, bodily pain; GH, general health; KOOS, Knee injury and Osteoarthritis Outcome Score; MH, mental health; PF, physical functioning; QOL, quality of life; RE, role-emotional; RP, role-physical; SF, social functioning; SF-36, Short Form 36; Sports/Rec, sports and recreation function; TKR, total knee replacement; VT, vitality.

### Responsiveness {#s3d4}

As hypothesised, the change in all five subscales of KOOS correlated at least at 0.35 with the GPE score. The weakest correlation was observed in the KOOS subscale Symptoms (0.56) and the strongest for the subscale ADL Function (0.70). ES and SRM were lower for patients reporting 'much worse', 'worse', 'somewhat worse' or 'no change', than patients reporting 'much better', 'better' and 'somewhat better', for all five KOOS subscales ([table 4](#BMJOPEN2014006947TB4){ref-type="table"}). No correlation between ES and SRM, and the duration of the follow-up period, was observed.

###### 

Mean KOOS (0--100, worst to best scale) in patients (n=68) prior to primary TKR, and 1.7 years after the surgery

  KOOS subscales      Mean score (SD)   p Value       GPE score   'Somewhat better', 'better' or 'much better', n=54   'Much worse', 'worse', 'somewhat worse' or 'no change', n=14                 
  ------------------- ----------------- ------------- ----------- ---------------------------------------------------- -------------------------------------------------------------- ------ ------ ------
  Pain                35.7 (17.3)       78.7 (17.4)   \<0.001     0.58                                                 3.07                                                           2.37   1.37   0.96
  Symptoms            35.3 (22.6)       76.3 (17.8)   \<0.001     0.56                                                 2.51                                                           2.20   0.50   0.68
  ADL                 33.0 (17.1)       78.1 (16.0)   \<0.001     0.70                                                 3.50                                                           3.05   1.63   1.29
  Sports/Recreation   7.2 (13.6)        24.6 (23.5)   \<0.001     0.62                                                 1.55                                                           0.94   0.04   0.04
  QOL                 16.8 (13.3)       53.7 (21.3)   \<0.001     0.61                                                 3.30                                                           1.91   1.31   0.81

Responsiveness given as Spearman\'s correlations of the five KOOS subscales and GPE score. SES and SRM in patients who scored 'somewhat better', 'better' and 'much better' (n=54) and in those who scored 'much worse', 'worse', 'somewhat worse' and 'no change' (n=14).

ADL, activities of daily living; GPE, global perceived effect; KOOS, Knee injury and Osteoarthritis Outcome Score; QOL, quality of life; SES, standardised effect size; SRM, standardised response mean; TKR, total knee replacement.

Discussion {#s4}
==========

The present study was performed according to the guidelines recommended for validation processes.[@R31]

The results of our study show that the Polish version of the KOOS questionnaire has a good internal consistency, and that the questionnaire items are relevant for elderly patients who have undergone TKR due to OA.

In this validation, we observed an excellent internal consistency with Cronbach\'s αs ranging from 0.90 to 0.92. These values are higher than in previous KOOS validation studies,[@R7] [@R11] but slightly lower than in our previous study performed in patients undergoing ACLR.[@R13] Cronbach\'s α coefficients were generally reported to be lowest. This tendency was not observed in the present study. The Cronbach\'s αs in the KOOS subscales Pain and Symptoms were about 0.2 higher than those described in the studies of Xie *et al*[@R8] and de Groot *et al*,[@R10] but only slightly higher than in the two studies of Salavati *et al*.[@R7] One possible explanation for such a good consistency is a relative homogeneity of the groups examined postoperatively as compared with patients with OA awaiting surgery.

We have found that the test--retest reliability was excellent, with ICCs ranging from 0.81 to 0.86. It proved to have a satisfactory stability and reproducibility of all the KOOS subscales over time in patients who were examined. The ICCs with values comparable to ours were observed in previous methodological studies performed in patients with OA awaiting joint replacement,[@R9] [@R12] [@R18] and patients with mild OA after previous ACLR.[@R10] The ICCs in our group were, however, slightly lower than those reported in patients with moderate OA following high tibial osteotomy, but higher than in patients eligible for revision knee arthroplasty.[@R10] This can be explained by the fact that our study group was less homogeneous than patients who had undergone osteotomy, but more consistent than revision patients. Since the patients examined in our study had the highest ICC in the KOOS subscale Sports and Recreation Function, we conclude that in those who had undergone TKR, the questions about sport were less relevant than the questions in other KOOS domains. We found that ICCs for the subscale Sports and Recreation Function were identical to the values we previously observed in patients undergoing ACLR. It suggests a similar reliability of these subscales in different patients and other subscales.

The MDC value of 3 points or less for the group level indicates that the Polish version of the KOOS scale has an ability to detect a difference of 3 points between the measurements. The change of KOOS outcome of 8--10 points (that suggested a minimal clinical important change of each subscale)[@R32] could thus be easily detected at the group level. Since greater changes are needed to be detected at the individual level (MDC value 18.2--24.3 points for different subscales), the Polish version of KOOS is advocated for use in groups of patients.

Since the content validity of the Polish version of KOOS had so far been tested only in young individuals who had undergone ACLR,[@R13] we decided to assess it also in older patients with end-stage OA undergoing TKR. In our study, we confirmed the relevance and comprehensiveness of KOOS items.

With respect to the dimensional structure of the KOOS scale according to confirmatory factor analysis, we found that the Polish version of KOOS contains five principal factors. This observation is in line with that of Roos *et al*,[@R5] who found that the Swedish version of KOOS loaded on five factors. All items of the Polish version of the KOOS questionnaire had a substantial loading of at least one factor. A large first eigenvalue (16.6) and much smaller subsequent eigenvalues (3.5 and lower) suggested a leading global factor. Indeed, the first factor dominated in 17 items in the subscales Pain and ADL Function. While some items loaded on a single factor, other items had association with two, and in the case of the A3 item, even three factors, providing evidence of the complex nature of some of the questions. In addition, we noticed that the pairs of items that addressed the same activities related to pain (in the subscale Pain) and function (in the subscale ADL Function) such as 'walking on flat surface' (P5 and A6), 'going up and down stairs' (P6 and A1--A2), 'sitting or lying' (P8 and A14) and 'standing upright' (P9 and A4), loaded on the same principal factor. In fact, we observed that some patients might have had difficulty in distinguishing between pain and PF in ADL. Apparently, the KOOS subscales Symptoms and Sport and Recreation Function, are much more homogeneous than ADL Function and QOL.

The lack of previous reports of structural validity of KOOS in elderly patients from the TKR group prevented a comparison with other studies. However, we were able to perform an additional factor analysis retrospectively (which has not been published before) in patients undergoing ACLR who participated in our previous study.[@R13] This assessment revealed that KOOS contained four principal factors. The number of items that had an association to more than one factor was even higher than in our present study. However, if we ignore the complexity and assume that each item belongs to the factor on which it has the highest loading, we recognise that each subscale of the Polish version of KOOS has its dominant factor in younger patients undergoing ACLR as well as in elderly patients after TKR.

The construct validity of the KOOS questionnaire was determined by comparing the KOOS subscales with the subscales of the SF-36. The SF-36 measures the GH status and contains domains that make it possible to assess the correlations between the KOOS subscales and SF-36 subscales, representing both mental and physical health. As expected, we found strong correlations between KOOS subscales and those of SF-36 that measured corresponding constructs. In our study, the highest correlations were observed between SF-36 subscale BP and KOOS subscale Pain, and between the SF-36 subscale Physical Functioning and the KOOS subscales ADL and Sports and Recreation Function. All a priori hypotheses were thus confirmed.

The construct validity for the patients in our study was lower than that observed in patients who had undergone ACLR.[@R13] This observation was, however, expected, since KOOS was primarily designed for use in younger and physically active patients who are more sensitive, especially for questions in the subscale Sports and Recreation Function. Similarly, the correlation coefficients reported in our study were about 0.1 lower than those obtained by Roos *et al*[@R7] and Goncalves *et al*,[@R11] who performed their studies in participants with less severe forms of OA. Our findings are thus more in line with the previous results in elderly patients undergoing TKR.[@R8] [@R18]

Since the outcome in TKR is not specific to the joint but to overall impact on health, we have expected that the correlations between the KOOS subscales and SF-36 subscales representing Physical Function are lower than in patients undergoing ACLR and that there is no significant discrepancy between correlations of KOOS and SF-36 subscales representing Physical Function and MH. As has been shown in one study, the KOOS subscale Sports and Recreation Function holds items of great importance for all young knee patients, but only for about half the elderly patients having TKR.[@R10] Consequently, our observations and findings, also reported by others, confirm a closer relationship between mental and physical aspects in elderly patients with degenerative disease than in younger patients with knee injury,[@R33] and suggest different construct validity of KOOS in younger and older age groups.[@R5] [@R10]

In our study, to determine KOOS' ability to detect whether patients undergo clinically relevant changes, we assessed GPE. As hypothesised, change in all five subscales of KOOS correlated at least at 0.35 with GPE score. Some of the patients examined had a relatively long follow-up period, which, hypothetically, could have affected the responsiveness of KOOS. We did not notice, however, that responsiveness depended on the duration of the follow-up time. The results of this assessment showed that the Polish version of KOOS was able to recognise clinical changes over time.

We would like to point out some important limitations of the study. First, the participants in the present study do not represent the entire spectrum of patients with knee OA but only those with end-stage disease eligible for TKR. However, since the construct validity is expected to be higher in younger and more active individuals, one can presume that the KOOS scale would be at least equally useful for patients with less severe forms of OA.

In the present study, we assessed a relatively small number of patients. Though the sample was big enough to evaluate reliability, responsiveness and construct validity of KOOS, it is questionable whether it was big enough to assess its structural validity. In earlier studies, two different approaches for researchers using exploratory factor analysis were taken, suggesting either a minimum total sample size, or a ratio of participants to variables. However, both recommendations present scarce evidence in practical studies and are not comprehensive enough to be definitive.[@R34] It has been suggested that a sample size less of than 100 gives poor relevance of the results.[@R35] However, different studies recommend a sample size from N=50[@R36] to N=400,[@R37] and a ratio of participants to variables not less than 2:1.[@R38] [@R39] Thus, we decided to perform the analysis of structural validity of KOOS on a group consisting of 68 patients, with a ratio of participants to variables between 4 (in the subscale ADL Function) and 17 (in the subscale QOL).

In our study, women constituted 82% of the study population. Since the prevalence of symptomatic knee OA in women has been reported to be two to three times higher than in men,[@R40] female patients were over-represented in our study group. However, women often develop more severe symptoms of OA, and that fact accounted for a remarkable majority of TKRs.[@R40] The rate of TKRs in women in our study was almost fivefold higher than that for men. Nonetheless, it reflected the gender distribution of patients with end-stage OA in our department over time. The female-to-male ratio of TKR in our study group was higher than in Scandinavia[@R41] and the USA,[@R42] but lower than in South Korea.[@R43]

As we examined a relatively small group of patients, which was skewed towards a female population, we could expect that it affected the presence of floor and/or ceiling effects in the most sensitive domains like the KOOS subscales Sport and Recreation Function and QOL. However, in our study, we did not observe gender-related differences in proportion to patients having reported the worst and best possible scores. In order to assess reliably if such differences exist, an analysis in a study sample of at least 500 participants is required.

Conclusion {#s5}
==========

In conclusion, the Polish version of KOOS demonstrated good reliability, validity and responsiveness for use in patient groups that had undergone TKR. Since the smallest change considered clinically relevant cannot reliably be detected in individual patients, the Polish version of KOOS is advocated for assessment of groups of patients. KOOS may be useful in national and international projects focusing on patient-based assessment of clinical outcome in therapeutic interventions due to knee OA.
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